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Annual Subscriptions. 
Members are reminded that their subscriptions are due on January Ist, 1943. 
The following are the current rates :— 
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Reduction in Subscriptions. 


For some months the JourNaL has carried a notice drawing attention to the 
severe shortage of the supply of paper and asking those members who can 
otherwise see the JouRNAL, apart from the copy to which they are entitled, 
should consider giving up their copy for the period of the war. ‘The notice 
added that if a sufficient response was received to the suggestion it would not 
only have the eftect of enabling the JourNAL to keep closely to the standard it 
has set, but might have the further effect of enabling some reduction to be made 
in the subscriptions of those who had helped by giving up their JourNAL for the 
war period. 

The Council, at their last meeting, reviewed the response to their suggestion 
and have decided to reduce the 1943 subscriptions of those Fellows, Associate 
Fellows, Graduates, Companions and Founder Members by 1os. 6d. who give 
up their JounaL for the year. The low subscription at present paid by Students 
does not permit any reduction to be made. Associates who do not wish to 
receive the JouRNAL will receive the reduction already laid down in the Rules. 

All those members who have already relinquished their JourNAL and others 


who do so before Monday, December 14th, 1942, will be notified of the reduction 
in their subscriptions due on January Ist, 1943. 


Advertisements. 

The fact that goods made of raw materials in short supply owing to war 
conditions, are advertised in the Journal, should not be taken as an indication 
that they are necessarily available for export. 
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Graduates’ and Students’ Seotion. 
Members of the Graduates’ and Students’ Section are invited to the following 


lectures arranged by the Graduates’ and Students’ Section of the Institution of 


Automobile Engineers, 12, Hobart Place, S.W.1 :— 
Sunday, December 13th, 1942, at 2.30 p.m.—Two short papers by Mr. K. B. 
Hopfinger, on ** Synthetic Petrol’? and ‘‘ Timber as a Gas Producer 
Fuel.”’ 
Sunday, January 10th, 1943, at 2.30 p.m.—Informal talk by Mr. L. Pomeroy 
on The Aerodynamic Car." 


Election of Members. 

Honorary Fellow.—TYheodore Paul Wright. Fellow, has been elected 
an Honorary Fellow of the Society. 

Associate Fellows.—George Clayton, Sydney William George Foster, 
Erach Sorabji Godivala (from Companion), William Spooner Hemp 
(from Student), David Keith-Lucas, Frederick William Walton 
Morley, Harold Louis Price (from Graduate), Cecil Harry Shaw 
(from Graduate). 

Associates.—John Day Barlow, Kenneth Blythe, William Norman 
Chalker, Ernest Baker Dove, Alfred Felstead, George Walter 
Frankland, Thomas George Guppy, Leonard Ernest Jones, Richard 
Conrad Kernick (from Companion), Ralph Victor Morgan, Gwilym 
Leighton Myles, Aubrey Ernest Pope, Ronald Hugh Payne, 
Walter John Revill Stocks (from Companion). 

Graduates.—Norman Alexander John Harry, Dennis Edwin Piper. 

Companions.—Frank Kasz, Robert William Molyneux (from Student), 
Signy Elisabeth Senior. 

Students.—John Alexander Anderson, Michael Joseph Grahame Carson, 
Charles Anthony Chapman, Adolph Conway, William James 
Craddock, Derek Grove Croudson, Brian Edwards, Ivor Everson, 
Peter William Feesey, Frank Denis Frankland, George Gilbert Gale, 
Robert John Griggs, Donald John Harper, Ronald Lawrence Hope, 
Robert Goodwin Hyde, Gordon Jefferson, Rolf Frederick Marshall, 
Peter Martin, Peter George Mobsby, Michael David Mugford, 
Paul Montefiore Myers, Joseph Glynn Ouseley, John Kenneth 
Robinson, Hugh Arthur Strange, Ralph Lovell Edwin ‘Toms, 
John Malcolm Nicolson Willis. 
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‘‘ Travels in the Air,’? by James Glaisher. From Mrs.: J. Spedan Lewis. 
A copy of the Programme of the first Aviation Meeting (at Rheims, August, 
1909), from Capt. J. S, Irving, Associate Fellow. 
A series of Engine Handbooks relating to types used during the last war. 
Back copies of Journals and Magazines from Mr. A. D. W. Pimm, Associate 
Fellow. 
Additions to the Library. 
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A. C. Hardy. (Journal of Commerce, Shipbuilding Ed., April 16th, 
1942.) (Y.6.b.24.) 
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Missione chiude la sua Esistenza. By R. Giacomelli. (Reprint from 
Aerotecnica,’’ Dec., 1929.) (Y.23.) 

EE.a.86.—Clerget Aero Engines (9Z): Instruction Book. Gwynne’s, Ltd. 
(Undated, about 1918.) 

EE.a.87, 88.—Le Rhdéne 110, Instruction Book (No. 8). Gnome and Le 
Rhéne Co. (Undated, abt. 1918.) Two copies. 


EE.a.89, go.—Gnome ‘‘ Monosoupape ”’ Instruction Book (No. 2). Gnome 
and Le Rhéne Co. (Undated, abt. 1918.) Two copies. 

EE.a.g1, 92.—Rolls-Royce Aero Engine Instruction Book: ‘‘ Eagle ’’ Series 
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1917. (Two copies.) 
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1915. (PEE.1/3.) 

EE.a.96, 97.—Notes on R.A.F. Engines, Type 3A. Royal Aircraft Factory. 
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EE.a.98, 99.—230 h.p. Galloway B.H.P. Engine. Air Board (Technical 
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EE.a.100, 101.—Beardmore Aero Engines: Instructions. Beardmore Aero 
Engine Co. 1918. (PEE.1/9 and 10.) Two copies. 

EE.a.102, 103.—B.R.2 Aero Engine, Preliminary Instruction Book. 
(H.B.803.) Ministry of Munitions. 1918. 

EE.a.104.—Manual of Clerget Aero Motors. (Air Board Issue No. 243.) 
Air Board. 1918. 

F.b.36.—Standard Methods for Testing Petroleum and its Products. (4th Ed.) 
Institute of Petroleum. 1942. 

F.b.37.—The Cheapest Fuel. By Lt.-Col. D. J. Smith; Cheap Transport 
the Key. By Major T. G. Tulloch. (Two papers on Producer Gas, 
bound together.) Privately printed. 1919. (PF.1.a.1.) 

*G.b.3.—British Standards Institution Specification: 1942 :— 
6F.7.—Rubber Hose for Use with Aviation Fuel. 

Amendment Slips to Nos. A.14, 2A.15, L.47. 

G.e.D.22.—Plastics in Aircraft. By J. D. North. (Article in Transactions 
of the Institute of Plastics Industry, June, 1942.) (PG.5.a.7.) 

G.e.E.56.—Economy in the Use of Ferro-Alloys. By Dr. W. H. Hatfield. 
(Paper read before the British Association for the Advancement of 
Science, 24/7/42.) (Y.13/S.) 

K.b.9.—Fighting in the Stratosphere. By Leonard R. Gribble. (Article in 
The Sphere,’’ 17/10/42.) (Y.17.c.S.) 

L.d.80.—Air Navigation. By E. R. Hamilton. Thos. Nelson and Son. 
1942. 5/-. 

**R.b.234.—Travels in the Air. By James Glaisher. Richard Bentley. 1871. 
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*R.c.269.—Brief Chronological Summary of Events and Records Associated 
with the Aero Club of the United Kingdom, igo1-1g09. By F. Hedges 
Butler. 1909. (Y.11.2.a.19a.) 

**R.c.270.—Typewritten lectures by the Hon. C. S. Rolls (1903-1908), with 
printed copy of lecture, “‘The Effect of the Road Surface on the 

_ Vehicles.’’. (First International Road Congress, Paris, 1908.) 

S.e.49.—Can Bombing Break Germany? By A. B. Austin. (Article in 
Picture Post,’’ 17/10/42. (Y.17.c.B.) 

S.e.50.—The Battle of Flanders. By Ian Hay. H.M.S.O. 1941. 6d. 

S.e.51.—Linking Air, Land and Sea. (Article in ** Illustrated Sporting and 
Dramatic News,’’ 17/4/42.) (Y.17.c.T.) 

**T.a.100.—Two Brave Brothers. By Henry F. Morriss. Clifton Publishing 
House. 1919. (Biography of Hon. C. S. Rolls and Lord Llangattock ; 
purchased with a collection of correspondence, photographs and MSS. 
relating to C. S. Rolls.) 

*T.a.101.—The Mystery of the Mastery of the Air. (Special Supplement of 
‘* Mayfair,’’ Jan., 1919, containing history of the Rolls Royce Co. and 
illustrated biographies of C. S. Rolls, C. G. Johnson and F. H. Royce.) 

*UU.c.—National Advisory Committee for Aeronautics, U.S.A.: Technical 

Memoranda :— 

No. 1007. New Method of Extrapolation of the Resistance of a Model 
Planing Boat to Full Size.- By W. Sottorf. (L.F.F., Aug., 1939.) 

No. 1017. The Stability of Laminar Flow Past a Sphere. By J. Pretsch. 
(L.F.F., Oct., 1941.) 

No. 1018. On the Symmetrical Potential Flow of Compressible Fluid 
. Past a Circular Cylinder in the Tunnel in the Subcritical Zone. 
By Ernst Lamla. (From L.F.F., Oct., 1940.) 

No. 1o1g. Strength Tests on Hulls and Floats. By K. Matthaes. 
(Jahrbuch 1938 der D.L.F.F.) 

No. 1020. Theory of Heat Transfer and Hydraulic Resistance of Oil 
Radiators. By N. B. Mariamov. (C.A.H.I., No. 444, 1939.) 

No. 1021.—Prediction of Downwash and Dynamic Pressure at the Tail 
from Free-Flight Measurements. By E. Eujen. (L.F.F.. Oct., 
1941.) 

No. 1022.—Diagrams for Calculation of Airfoil Lattices. By A. Betz. 
(Ingenieur Archiv, Sept., 1931.) 

*X.c.Cz.1.—English-Czech Army and Air Force Technical Dictionary. Czecho- 
slovak Ministry of National Defence. Evans Bros., Ltd. 1942. 6/-. 

Y.24.—Tin Research Institute, Publications :— 

No. 10g. Report for 1941. 

No. 110. Practical Problems in Electro-Tinning. By S. Baier. 

No. 111. Tin-Base Bearing Metals. By W. T. Pell-Walpole, J. C. 
Prytherch and B. Chalmers. 

**Z.f.21.—Programme: Grande Semaine d’Aviation de la Champagne (22-29 
Aoi, 1909). 

J. LAvuRENCE PritcuHarD, Secretary and Editor. 
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THE 1914 TESTS OF THE LANGLEY ‘‘ AERODROME.” 


[Eprror1aL NotE.—The Editor has great pleasure in publishing the following 
Smithsonian Report. ° 


At a meeting of the Royal Aeronautical Society on the 20th October, 1921, 
Griffith Brewer, then an Associate Fellow of the Society, delivered a lecture 
entitled ** The Langley Machine and the Hammondsport Trials.’’ In that paper 
the writer quoted Lord Northcliffe as saying :— 

‘We have not heard much of that in England, but ‘ a prophet is not 
without honour save in his own country,’ and in the United States there 
have been long and persistent attempts to belittle the work of Wilbur and 
Orville Wright. I have closely read and followed the history of the hundred 
years of aeroplane experiments, and I am convinced that the credit of the 
first ving machine is due to the Wright Brothers, and from the point of 
practical flying to nobody else. As an Englishman I am in an independent 
position, and I know that these words of mine will go across the Atlantic, 
and I believe they will assist in stopping the spread of the insidious. suggestion 
that the Wrights did not invent the aeroplane.’’ 

The lecturer then described his investigations in America of the trials of the 
so-called ** Langley Machine ’’ at Hammondsport and explained in detail the 
changes which had been effected in the original Langley machine before any 
attempt was made to fly it, and drew attention to the statement in the Smithsonian 
report, that the original Langley machine had been flown at Hammondsport 
without substantial alteration, was untrue. 

For 21 years this allegation has stood without official acknowledgment in the 
Smithsonian publications of the justice of these charges, but now Dr. Abbot, 
the present secretary of the Smithsonian Institution who has for a long time 
recognised the justice of Mr. Brewer’s criticism, has published on the 24th 
October, 1942, an official acknowledgment and expression of regret for the public 
statement by officers of the Institution that the tests of 1914 showed ‘‘ that the 
late Secretary, Langley, had succeeded in building the first aeroplane capable 
of sustained free flight with a man.’’ Seeing that Mr. Brewer's paper was first 
published in the AERONAUTICAL JOURNAL of December, 1921, Dr. Abbot’s paper, 
published on 24th October, 1942, is given in full below, including the reproduc- 
tion of the Figs. 3 and 4 which are used by Dr. Abbot from Mr. Griffith Brewer's 
drawings made in Dayton at the time of his investigation. ] 


‘ 


THE 1914 TESTS OF THE LANGLEY ‘ AERODROME.” 
By C. G. ABBor, 


Secretary, Smithsonian Institution. 


Note.—This paper has been submitted to Dr. Orville Wright, and under date of October 
8th, 1942, he states that the paper as now prepared will be acceptable to him if given 
adequate publication. 

It is everywhere acknowledged that the Wright brothers were the first to 
make sustained flights in a heavier-than-air machine at Kitty Hawk, North 
Carolina, on December 17, 1903. 


* For an account of early Langley and Wright aeronautical investigations, see Smithsonian 
Report for 1900 and The Century Magazine of September, 1908. 
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Mainly because of acts and statements of former officers of the Smithsonian 
Institution, arising from tests made with the reconditioned Langley plane of 
1903 at Hammondsport, New York, in 1914, Dr. Orville Wright feels that the 
Institution adopted an unfair and injurious attitude. He therefore sent the 
original Wright Kitty Hawk plane to England in 1928. The nature of the acts 
and statements referred to are as follows :— 

In March, 1914, Secretary Walcott contracted with Glenn H. Curtiss to 
attempt a flight with the Langley machine. This action seems ill considered 
and open to criticism. For in January, 1914, the United States Court of Appeals, 
Second Circuit, had handed down a decision recognising the Wrights as ‘‘ pioneers 
in the practical art of flyitg with heavier-than-air machines ’’ and pronouncing 
Glenn H. Curtiss an infringer of their patent. Hence, in view of probable 
further litigation, the Wrights stood to lose in fame and revenue and Curtiss 
stood to gain pecuniarily, should the experiments at Hammondsport indicate 
that Langley’s plane was capable of sustained flight in 1903, previous ‘to the 
successful flights made December 17, 1903, by the Wrights at Kitty Hawk, N.C. 

The machine was shipped to Curtiss at Hammondsport, N.Y., in April. Dr. 
Zahm, the Recorder of the Langley Aerodynamical Laboratory and expert witness 
for Curtiss in the patent litigation, was at Hammondsport as official representa- 
tive of the Smithsonian Institution during the time the machine was _ being 
reconstructed and tested. In the reconstruction the machine was changed from 
what it was in 1903 in a number of particulars as given in Dr. Wright’s list of 
differences which appears later in this paper. On the 28th of May and the 
2nd of June, 1914, attempts to fly were made. After acquiring speed by running 
on hydroplane floats on the surface of Lake Keuka the machine lifted into the 
air several different times. The longest time off the water with the Langley 
motor was approximately five seconds. Dr. Zahm stated that ‘‘ it was apparent 
that owing to the great weight which had been given to the structure by adding 
the floats it was necessary to increase the propeller thrust.’’ So no further 
attempts were made to fly with the Langley 52 h.p. engine. 

It is to be regretted that the Institution published statements repeatedly* 
to the effect that these experiments of 1914 demonstrated that Langley’s plane 
of 1903 without essential modification was the first heavier-than-air machine 
capable of maintaining sustained human flight. 

As first exhibited in the United States National Museum, January 15, 1918, 
the restored Langley plane of 1903 bore the following label :— 

THE OriGINAL, 
MAcHINE, 1903. 

For this simple label others were later substituted containing the claim that 
Langley’s machine ‘‘ was the first man-carrying aeroplane in the history of the 
world capable of sustained free flight.”’ 

Though the matter of the label is not now an issue, it seems only fair to the 
Institution to say that in September, 1928, Secretary Abbot finally caused the 
label of the Langley machine to be changed to read simply as follows :— 

LANGLEY AERODROME. 
THE OriciInaL SAMUEL PrIERPONT LANGLEY 
FiyinG MACHINE OF 1903, RESTORED. 
Deposited by 


The Smithsonian Institution 
301,613 


This change has frequently been overlooked by writers on the controversy. 


* Smithsonian Reports: 1914, pp. 9, 219, 221, 222; 1915, pp. 14, 121; 1917, p. 4; 1918, pp 3, 
28, 114, 166. Report of U.S. National Museum, 1914, pp. 46 and 47. 


f 
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In January, 1942, Mr. Fred C. Kelly, of Peninsula, Ohio, communicated to 
me a list of differences between the Langley plane as tested in 1914 and as tested 
in 1903, which he had received from Dr. Wright. This list is given verbatim 
below. The Institution accepts Dr. Wright’s statement as correct in point of 
facts. Inferences from the comparisons are primarily the province of interested 


experts and are not discussed here. 


COMPARISON OF THE LANGLEY MACHINE OF 1903 WITH THE 


HAMMONDSPORT MACHINE OF May-JUNE, 1914. 


LANGLEY, 1903. 


HAMMONDSPORT, 1914. 


WINGS. 


1 Size: x22'6" (L.M. p. 206) 

2 Area: 1040 sq. ft. (LL.M. p. 206) 

3 Aspect Ratio: 1.96 

4 Camper: 1/12 (L.M. p. 206) 

5 Leapinc EpGe: Wire 1/16” diameter 
(L-M. P1.66) 

6 Coverinc: Cotton fabric, not varnished 


7 CENTRE Spar: Cylindrical wooden spar, 
measuring 13” dia. for half its length 
and tapering to 1” at its tip. (L.M. p. 
204.) Located on upper side of wing. 


Riss: Hollow box construction (L.M. 
Plates 66, 67) 


9 Lower Guy-Posts: single round 
wooden post for each pair of wings (see 
Fig. 3), 12” in dia., 63/ long. (L.M. 
Plate 62, p. 184). 


10 The front wing guy-post was _ located 
283” in front of the main centre spar. 
(L.M. Plate 53). 

ll The rear wing guy-post was located 
312” in front of the main centre spar. 
(L.M. Plate 53). 

12 Upper Guy-Posts: For each pair of 
wings a single steel tube 3” dia., 43” 
long. (L.M. p. 184, pl. 62). 


13. Front wing upper guy-post was located 
283” in front of the main centre spar. 
(L.M. pl. 53). 

14 The rear wing upper guy-post was 
located 314” in front of the main centre 
spar. (L.M. pl. 58). 

15 Trussinc: The wing trussing wires 
Were attached to the spars at the 5th, 
7th and 9th ribs out from the centre. 
(L.M. pl. 54). The angles between 


10/11/38 x 22/6” 

AREA: 988 sq. ft. 

Aspect Ratio: 2.05 

CAMBER: 1/18 

LEADING EpGe: Cylindrical spar 13” dia. at 
inner end, tapering to 1” dia. at outer end. 
CovERING: Cotton fabric, varnished. 
CENTRE Spar: Cylindrical spar about 13” 
dia. at inner end tapering to about 1” dia. 
at outer end. Located on upper side of 
wing. This centre spar was reinforced (1) 
by an extra wooden member on the under 
side of the wing, which measured 1” x13” 
and extended to the 7th rib from the centre 
of the machine; and (2) by another wooden 
reinforcement on the under side extending 
out about one-fourth of the length of the 
wing. 

Riss: Most of the original Langley box ribs 
were replaced with others at 
Hammondsport. (Manly letter, 1914). The 
Hammondsport ribs were of solid construc- 
tion and made of laminated wood. That 
part of the rib in front of the forward spar 
was entirely omitted. 

Lower Guy-Posts: Four for each pair of 
wings (see Fig. 4), two of which were of 
streamline form measuring 114”x383”" x 54” 
long; and two measuring 2”x2” with 
rounded corners, 3/9” long. 


The front wing guy-posts were located directly 
underneath the main centre spar, 281” 
further rearward than in 1903. 

The rear wing guy-posts were located 
directly under the main centre spar, 313” 
further rearward than in 1903. 

Uprer Guy-Posts: For each pair of wings, 
two streamline wooden posts each 13” x 33”, 
76” long, forming an’ inverted V. (See 
Fig. 4). 

Front wing upper guy-posts located directly 
over main spar, 283” further rearward than 
in 1903. 


The rear wing guy-posts were located 
directly over the main centre spar, 313” 
further rearward than in 1903. 

Trussinc: different system of wing 
trussing was used -and the wing trussing 
wires were attached to the spars at the 3rd, 
6th and 9th ribs from the centre. The 
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these wires and the spars to which they angles between these wires and the spars 

were attached are shown in Fig. 3. to which they were attached were all 
different from those in the original Langley 
machine. (See Fig. 4). 


CONTROL SURFACES. 


16 Vane Rupper: A split vane composed VerticaL RuppER: The Langley vane rudder 
of two surfaces united at their leading was replaced by a_ single plane vertical 
edges and separated 15” at their trailing rudder which measured 3/6” x 5’, with aspect 
edges, thus forming a wedge. Each ratio of .7. 
surface measured 2'3”" x 4/6", with 
aspect ratio .5, (L.M. p. 214, pls. 

53, 54). 

17 Operated by means of a wheel located Operated at Hammondsport through the 
slightly in front of the pilot at his right Curtiss steering wheel in some tests. (Zahm 
side and at the height of his shoulder. affidavit pp. 5, 6), through the Curtiss 
(L.M. p. 216, pls. 53, 54). shoulder yoke in some others (Manly 


letter, 1914), and fixed so as not to be 
operable at all still others, (Zahm 
affidavit p. 7). 


~HAMMONDSPORT Wine Trussine /9/4. 


18 Used for steering only. (L-M. p. 214). Used ‘*‘ as a vertica aileron to control the 
lateral poise of the machine’? (Zahm 
affidavit p. 6) as well as for steering (Zahm i 
affidavit p. 7). 
19 Prexnaup Tait: This was a dart-shaped Tait RuppEeR: Same size and construction as 
tail having a vertical and a horizontal in 1903. 
surface (Penaud tail), each measuring 
95 sq. ft. It was located in the rear of 
the main frame. 


20 Attached to a bracket extending below Attached to same bracket at a point about 
the main frame. 8” higher than in 1903. 

21 ‘‘ Normally inactive’? (L.M. p. 216) Operable about a transverse horizontal axis 
but adjustable about a_ transverse and connected to a regular Curtiss elevator 
horizontal axis by means of a _ self- control post directly in front of the pilot 
locking wheel located at the right side » (Zahm affidavit p. 5). 


of the pilot, even with his back and at 
the height of ,his shoulder. (L.M. pls. 
51, 53). 


Fig. 3. 
LANGLEY Winc TRussinc 1903. 
SAY Fig. 4. 
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THE 
Immovable about a vertical = axis. 
214, pl; 56, Pig. 1). No 


means were provided for adjusting this 
rudder about a vertical axis in flight. 
‘Although it was necessary that the 
large aerodrome should be capable of 
being steered in a horizontal direction, 
it was felt to be unwise to give the 
Penaud tail and rudder motion in the 
horizontal plane in order to attain this 
end.’ (LL.M. p. 214). 
A_ fixed vertical 
neath the main frame 
in height by 6’ average length. 
19 sq. ft. (L.M. pl. 53). 


surface under- 
measuring 3/2” 
Area 


SYSTEM 


LaTERAL Stapivity: The dihedral 
was used for maintaining 
balance. (LL.M. p. 45). 


only 


lateral 


LONGITUDINAL Stability: Langley relied 


upon the Penaud system of inherent 
stability for maintaining the longitu- 
dinal equilibrium, ‘‘ For the preserva- 


tion of the equilibrium [longitudinal] of 
the aerodrome, though the aviator 
might assist by such slight movements 
as he was able to make in the limited 
space of the aviator’s car, the main 
reliance was upon the Penaud_ tail.’’ 
(L.M. p. 215). 

STEERING: Steering in the horizontal 
plane was done entirely by the split- 
vane steering rudder located underneath 


the main frame. (L.M. p. 214). 


Motor: Langley 5 cylinder radial. 


IGxition: Jump spark with dry cell 
batteries. (L.M. p. 262). 
CaRBURETTOR: Balzer carburettor  con- 


sisting of a chamber filled with lumps 


of porous cellular wood saturated with 
gasoline. The air was drawn through 
this wood. * There was no float feed. 


(L.M. p. 


Rapiator: Tubes with radiating fins. 
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Immovable about a vertical axis on May 28, 
1914, only. Thereafter it was made mov- 
able about a vertical axis and was connected 
through cables to a Curtiss steering wheel 
mounted on a Curtiss control post directly 


in front of the pilot. 
KeEL: Entirely omitted. 
OF CONTROL. 
LATERAL STABILITY: Three means were used 
for securing lateral balance at Hammonds- 


port: The dihedral angle as used by Langley, 


a rudder which ‘ serves as a_ vertical 
aileron’? (Zahm affidavit p. 6), and the 
Penaud tail rudder. The last two consti- 


tuted a system ‘‘ identical in principle with 


that of Complainant’s [Wright] combined 
warping of the wings and the use of the 
vertcal rudder.’’ (Zahm affidavit p. 6). 


LONGITUDINAL Stapitity: At Hammondsport 
the Penaud inherent longitudinal stability 
was supplemented with an elevator system 
of control. 


STEERING: On one day, May 28, 1914, steer- 
ing in the horizontal plane was done with 
the vertical rudder which had been substi- 
tuted for the original Langley  split-vane 
steering rudder. After May 28th the steer- 
ing was done by the vertical surface of the 
tail rudder (Zahm affidavit p. 7), which in 


1903 was immovable about a vertical axis. 
(L.M. p. 214). 

POWER PLANT. 
Motor: Langley motor modified. 
IGNITION: Jump spark with magneto. 
CaRBURETTOR: Automobile type with float 
feed, 
Rapiator: Automobile radiator of honey- 
comb type. 
PROPELLERS: Langley propellers modified 


PROPELLERS: Langley propellers. (LL.M. 


pl. 53, pp. 178-182). 


LAUNCHING 


mounted 


LAUNCHING: 
houseboat. 


Catapult on a 


‘* after fashion of early Wright blades.”’ 


AND FLOATS. 


LauncniInG: Hydroplanes, 1909- 


1914, attached to 


developed 
the machine. 


23 
3 
‘ 
28 
29 
225). 
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33 FiLoats: Five cylindrical tin floats, FLoats: Two wooden hydroplane floats, 
with conical ends, attached to underside mounted beneath and about 6 feet to either 
of main frame at appropriate points, side of the centre of the machine at the 
and about six feet above lowest part of lateral extremeties of the Pratt system of 
machine. trussing used for bracing the wing spars of 


the forward wings; and one (part of the 
time), two tin cylindrical floats with conical 
ends, similar to but larger than the Langley 
floats, mounted at the centre of the Pratt 
system of trussing used for bracing the rear 
wings. All of the floats were mounted 
from four to five feet lower than the floats 
of the original Langley, thus keeping the 
entire machine above the water. 


WEIGHT. 


34 Tota. Weicnt: With pilot, 850 pounds. Totat Weicut: With pilot, 1,170 pounds. 
(L.M. p. 256). 

35 CENTRE Gravity: 3/8” above line of CENTRE Gravity: About one foot below line 
thrust. of thrust. 


Since I became Secretary, in 1928, I have made many efforts to compose the 
Smithsonian-Wright controversy, which I inherited. I will now, speaking for 
the Smithsonian Institution, make the following statement in an attempt to 
correct as far as now possible acts and assertions of former Smithsonian officials 
that may have been misleading or are held to be detrimental to the Wrights. 

1. I sincerely regret that the Institution employed to make the tests of 1914 
an agent who had been an unsuccessful defendant in patent litigation brought 
against him by the Wrights. 

2. I sincerely regret that statements were repeatedly made by officers of the 
Institution that the Langley machine was flown in 1914 ‘‘ with certain changes 
of the machine necessary to use pontoons,’’ without mentioning the other changes 
included in Dr. Wright’s list. 

3- I point out that Assistant Secretary Rathbun was misinformed when he 
stated that the Langley machine ‘‘ without modification ’’ made ‘‘ successful 
flights.’’ 

4. I sincerely regret the public statement by officers of the Institution that 
‘* The tests ’’ [of 1914] showed ‘‘ that the late Secretary Langley had succeeded 
in building the first aeroplane capable of sustained free flight with a man.”’ 

5. Leaving to experts to formulate the conclusions arising from the rg1q tests 
as a whole, in view of all the facts, I repeat in substance, but with amendments, 
what I have already published in Smithsonian Scientific Series, Vol. 12, 1932, 
page 227 :— 

The flights of the Langley aerodrome at Hammondsport in 1914, having 
been made long after flying had become a common art, and with changes 
of the machine indicated by Dr. Wright’s comparison as given above, did 
not warrant the statements published by the Smithsonian Institution that 
these tests proved that the large Langley machine of 1903 was capable of 
sustained flight carrying a man. 


6. If the publication of this paper should clear the way for Dr. Wright to 
bring back to America the Kitty Hawk machine to which all the world awards 
first place, it will be a source of profound and enduring gratification to his 
countrymen everywhere. Should he decide to deposit the piane in the United 
States National Museum, it would be given the highest place of honour, which 
is its due. 


& 


STRUCTURE SUB-COMMITTEE. 


AERONAUTICAL RESEARCH COMMITTEE. 


THE DESIGN OF TRUSSES AND ITS INFLUENCE ON 
WEIGHT AND STIFFNESS. 


By JEAN DRYMAEL, 


Assistant Professor in the University of Brussels. 


SUMMARY. 


It is shown that weight can be saved, and stiffness gained by a proper choice 
of the design, that is the type of frame of any truss. A method is developed 
first to choose the best among: several statically determinate designs. It is then 
demonstrated that, when a redundant truss has to carry one set of loads, it is 
always: possible, by the removal of some bars, to get a statically determinate 
truss which is lighter, for the same ultimate stress. But the redundancy keeps 
its advantages when the structure has to carry several sets of loads in turn. 


I. STATICALLY DETERMINATE TRUSSES. 
1. DESIGN AND DIMENSIONS. 

The study of any structure which has to carry a given set of loads consists of 
two parts: First the ‘‘ design ’’ has to be chosen, 7.e., it must be decided 
whether the structure will consist of shells or trusses, whether it will be statically 
determinate, or not, etc. Then each member must be given ‘* dimensions,”’ 
which enable it to carry its share of the load. Design and dimensions will be 
used hereafter in those restrictive meanings only. 

While innumerable papers have been written on the choice of dimensions, 
very little information exists about the choice of design. No attempt will be 
made here to attack this problem in its widest form, but, in the particular case 
of trusses, it will be shown that a proper choice of the design may improve both 
the weight and the stiffness. In practice the choice of the design is seldom 
decided entirely by theoretical considerations, but there is, as a rule, little 
objection to the choice of one type of truss rather than another, and there is 
always a positive advantage in choosing the best type. 


2. WEIGHT AND STIFFNESS. 

For any given design the weight increases with the dimensions of the members. 
In aeronautical construction, where saving of weight is the first requirement, the 
dimensions must be reduced to the minimum consistent with the strength of the 
materials. This will be best achieved when the structure is equi-resistant, the 
stresses being throughout equal to the maximum permitted. Unfortunately this 
reduces also the stiffness, for that particular design, to its minimum. 

To compare the merits of two designs, it must be assumed that, for each 
of them, the structure has been made equi-resistant, and that the stress is the 
same for both. In that case the design which gives the smallest weight provides 
also the greatest stiffness. 

Let N, be the axial force in member k, |, its length, and A, its cross-section 
(=dimension). 
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The strain-energy of the truss equals 
yeas 
If the absolute value of the stress || is the same for all members, whether 
they are compressed or extended, the strain-energy equals 
2k 2K 
V being the total volume of the truss. 

Since the energy of strain equals the work done by the external forces, i.c., 
their products by the displacements of their points of impact, its value is inversely 
proportional to the stiffness; equation (2) shows that the stiffness is inversely 
proportional to the volume, or weight, and is thus maximum when the weight 
is minimum. 

Whilst modification of dimensions cannot lessen the weight without decreasing 
the stiffness, a change of design which lessens the weight, improves the stiffness. 


3. DETERMINATION OF THE BEST DEsIGN. 

If the truss is statically determinate, the axial forces in the various members 
do not depend on the dimensions. They are determined as soon as the design 
is known, and it is easy to calculate the cross-sections in such a way that the 
stress |o| is everywhere the same 


IN 
If the shape is determined as a function of parameters x, 8, y..., the 


lengths |,, the forces N, and the sections A, are functions of these parameters. 
Thus the total volume 
is also a function of these parameters. It will be minimum when the parameters 
assume the values determined by 
OV 


if the second derivatives are positive. : 
4. EXAMPLE: THE STRAIGHT BEAM. 

Let a beam be considered which consists of two parallel flanges (Fig. 1) joined 
by diagonals which make alternatively the angles x and 8 with the axis. Let 
h be the height. The shape of the beam is entirely determined by the three 
parameters x, 8 and h. 


B 


* In the original WU is defined by i. 


& | 
Fia. 1. 
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Let M and S be the bending moment and the shear in the section corresponding 
to the middle of diagonal AB, considered as positive when acting on the left-hand 
part of the beam as shown. 

The axial force in the diagonal equals obviously 

S 
Ny=-—— 
sin 

If the local loads are small in comparison with the shear, the bending moments 
across A and B equal respectively 

M,=M-S.Az, Mg=M+S. Az 
whence the axial forces in the upper and: lower flanges 
N __ Ms Vv _ Ms 

It will be assumed that the increase of bending moment S . Az is, in absolute 
value, smaller than M. Thus the sections to be given to the diagonal, the upper 
and the lower flanges are respectively :— 


|r| sin x 
\o| h 
|N, 
\o| jo| h 
The total cross-section of the flanges is thus 
2 |M| 
A,=A,+A,= h [o| . (7) 


The weight of the diagonal depends only on the shear, and the total weight 
of the flanges depends only on the bending moment, Moreover, the parameter 
h affects only the latter; there is no minimum for A,, but the weight of the 
flanges decreases as h increases; it is thus advisable to make the beam as deep 
as possible—which was obvious. 

The length of the diagonal is h/sin x, its volume is thus 

|S| h 
|o| sin? x 

A similar expression will be found for the other diagonal; the total volume 

of the diagonals equals (neglecting the variation of S) 


S| I I 
|e| sin? sin? B_ 
This volume corresponds to a length of beam equal to 
I I h sin (2+ 8 
tanx sina sin B 
and the volume of diagonal per unit length is 
V sin sin 
= ES + —. . . . (8) 
l sin (x+8)Lsina sin B 
It is independent of the height h, and depends on x and B only. The partial 
derivatives as regards « and £ are 


|S| 2 1 
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The best values for « and 8 are those which render both expressions zero. 
It is easily verified that they are 


a=B=45°. 
The best design for the diagonals of a beam is thus the Warren type, with 


diagonals at 45°. Introducing these values of x and £ in (8), the minimum 
volume per unit length is found to be :— 


It is interesting to compare this volume with the minimum volume of a beam 
of the N-type. For this purpose it is enough to make B=go° in (8) and (9). The 
best value of x is that which makes the expression (9) thus transformed equal 
to zero, 1.¢., 


tan? a0’. 


The corresponding volume per unit length is 


l Nmin |o| 


The N-beam for which x=45° is of course still heavier; the corresponding 


volume is 


Thus the weights of the diagonals in the best N-beam, and in the N-beam at 
45°, are respectively 41 per cent and 50 per cent. greater than for the Warren 
beam at 45°. It is also interesting to compare (11)®with the volume required 
in a beam with sheet web. The shear being borne in that case by the shearing 
of the web, the cross-area of the web, or volume per unit length equals 


l web |z 


If the criterion of Guest is applied, when the shear stress 7 equals half the 
value allowed for o, the margin of safety is the same. Thus the weight of the 
Warren beam is the same as the weight of the beam with plane sheet web. 


I]. STATICALLY INDETERMINATE TRUSSES. 
5- A ReDunpDANT Truss Cannot BE MADE EQUI-RESISTANT. 

Let a truss be considered which has n bars, among which r are redundant, 
and let X,, X,...X, be the axial forces in these latter bars, considered as 
positive when they correspond to extensions. The stresses in the other bars 
are those which would be set up if the redundant bars were replaced by pairs of 
external forces equal to X,, X,...X,. The modified system is_ statically 
determinate. The axial force in any bar k (redundant or not redundant) equals 


2) 


N,’ represents the force due to the external loads (zero in the redundant bars) 
in the structure of reference and the coefficients n,,, as noticed before, depend 
only on the design and not on the dimensions of the truss. 

The strain energy U of the whole is given by equation (1). The values of the 
redundant variables are determined by the conditions 


= 2 ( 


* In the original N’ is defined by yx. 


(“am 
| 
| 


n 
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the index A indicating that the sections A must be considered as constants during 
the derivation. Using (13) the condition (14) becomes 


oU N,l 
(xx) (15) 
If it is desired to make the stress the same in all the members of the truss 
N,, 
Ax |, 
the sign being the sign of N,; and the equation (15) becomes 


In these conditions, nothing appears but the design of the truss. Thus a 
redundant truss cannot be made of equal resistance unless its design fulfils r 
conditions. These conditions are, as a rule, not satisfied and it is impossible to 
give such sections to the members as to make the stress everywhere the same. 


6. REDUNDANCY OF THE FIRST DEGREE. 
If there is only one redundant bar, the structure can be made equi-resistant, 
but for that bar. The axial force in the bar k equals* 
Let ox be the stress in the redundant bar and |r| the ‘thesia value of the 
stress in all the other members. The strain-energy equals 


the sign X/ indicating that the sum is extended to all the bars but the redundant 
one. 
The value of the redundant variable is determined by 
(sr), (Nal + 4X) 
HA, E 
The ratio of cy to |o| is thus not arbitrary; it is determined by equation (19) 
as a function of the design, and is independent of the dimensions. As soon as 
values are assumed for these stresses, according to this ratio, any value may be 
given to X; the axial forces in the bars are determined by (17) and the cross- 
sections by the conditions that the stress is either oy (in the redundant bar) or 
+|o|. A difficulty arises from the fact that the sign to be chosen in the last 
sum of equation (19) is the sign of (N,’+n,X) and that this sign is liable to change 
with the value of XY. But if X is small enough, the sign of n,/+,X is the sign 
of N,’, which is known, and the difficulty is avoided. It will be shown further 
what happens when the magnitude of X is such that the signs of the axial forces 
in some of the bars are changed. It may happen that, for some bars, N,! is 
zero. The corresponding terms are reduced to 


and have thus the sign of X or Tx, since oy has the same sign as X. A quick 


trial will show whether this sign is positive or negative; the terms of type (20) 
will be supposed positive in equation (19), and the value of « ry is determined ; 
if it is positive, the assumption is good, if it is negativ e the assumption is W rong. 


VARIATION OF STIFFNESS AND WEIGHT WITH THE MAGNITUDE OF THE REDUNDANT 
VARIABLE. 

To the various values of X correspond the structures of the same design but 

of various dimensions, with various distributions of the loads. What is the 

relation between the stiffnesses and the weights of those structures ? 


* Any of the bars for which ny=to might be chosen as the redundant bar. 


| 
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The stiffness being inversely proportional to the strain-energy, let the variation 
of the latter be studied. It is given by equation (18). If the variable X is 
modified, and if, at the same time, the cross-sections are changed in order to keep 
the stresses constant, the derivative of the strain-energy is the derivative obtained 
by considering |c|’and ox as constants in the last expression for U, so that 


oU Io] xl 
(sx), = thm + ‘ (21) 
The sign + has to be chosen if (N,/+n,X) is positive, and the sign — if it is 
negative. Expression (21) is thus exactly half of expression (19) 
oU oU 
Ox ox 


Since the latter derivative is zero, the Arann y is the same for all the 
structures of the family, and they have thus all the same stiffness. 

The strain-energy is, consequently, of the form :— 

U= 4—L |X|)+ |X|. (23) 
A and L being positive constants. 

Indeed, the derivative of U with respect to which is either equal or 
opposite to its derivative with respect to X, is zero. And since the coefficients 
of |X| in the last term is always positive, its coefficient in the first term must 
be negative. If X=o, that is if the redundant bar is removed, the strain-energy 
is reduced to is thus positive too; A and L depend only on the 
design of the truss. Obviously 


Equation (2) between strain-energy and volume applies to every structure in 

which the stress is constant; it applies thus, separately, to the redundant bar, 
and the rest of the construction, and the total volume is (cf. (24), 


I 
Two cases are possible: 
> L, 


according to (24) the stress |o,| in reg redundant bar is smaller than the stress 
o| in the remainder of the structure. Equation (25) shows that, in this case, 
the total weight increases linearly with |X|, that is, since oy is constant, with 
the cross-section of the redundant bar. The st: atically determinate structure 
corresponding to X=o has the same stiffness as any of the redundant structures, 
and is lighter. 


<1. 

In that case, the stress in the redundant bar is greater than |c|. The total 
w eight decreases linearly as or the cross-section of the redundant bar increases. 
This is true as long as the. axial forces in all the bars keep their signs. But 
there is necessarily a value of X for which the force in one bar becomes zero; 
the cross-section of that bar is then zero too, and, consequently, the structure 
is no longer redundant and can be made equi-resistant. If this is done, the new 
structure is lighter than the initial one. The expression (25) for V is still applica- 
ble, when X reaches its critical value X.; since |vx| is then made equal to |c| 
the volume of the new structure is 


V= ia] 


* If, for all the bars, the absolute value of the axial force were to increase with |X|, L would 
be negative, which is impossible. 


1 
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It is thus smaller than the volume A/|o| of the initial structure. It is also 
smaller than the volume of any of the intermediate redundant structures. For in 
these cases, since all the stresses must be kept below the allowed limit R, and 
since |oy| is greater than |o| the latter stress must equal 


|o| = Bs 


The redundant structures are, therefore, heavier than the limiting one, for 
which X reaches its critical vz alue. This structure is heavier than the same truss 
in which the stresses have all been raised to the level R, so that the final structure 
is the lightest. Its stiffness is less than the stiffness of the redundant structures, 
but this results from the fact that the stresses in all the members but one, are 
greater. Thus :— 

Corresponding to any redundant structure there is always a statically deter- 
minate structure which carries the same loads, and which, for the same ultimate 
stress, is lighter. 

8. EXAMPLE: RECTANGULAR FRAME WITH Two DIAGONALS. 

Let the truss be considered which is represented on Fig. 2. The bars are 
numbered from 1 to 5, and the external loads consist of a shear S and a bending 
moment iF (S and F being positive). The shear force is applied at the bottom 
joint. Each of the bars may be considered as redundant;. the bar 1 will be 
chosen for instance. The remainder of the structure is loaded by the forces 
S, F and X and the axial forces in the bars are (Fig. 3:) 


2 


Fig. 2. 

+2 

h 

Ni = + 

l l : (27) 
d d 
~ 
X 
and the strain energy equals (cf. (18)) 
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If |X| is sufficiently small, this expression becomes 

2h l l h h l l Hy 


whence 


oU |o 3d? oxl 
se 
or 
3d? 


The redundant bar is thus compressed, and since its stress is greater, in 
absolute value, than o, the weight decreases when |X| increases. The axial force 
in any bar becomes first zero in the bar 5, when 

In that case the truss takes the form shown in Fig. 3b; the volume of the 
truss from which the bar 1 is omitted is obtained by making X=o, in (29) and 
multiplying by 2E /o?. 


2 4 2 


F 
3 


5 Y 5 
Xx 
J = +3!) + + 2h) | ‘ (31) 
The volume of the truss from which the bar 5 is omitted is obtained by 
introducing (30) in expression (29), making o,=—|o| and multiplying by 2h, 0°. 
\o| h 


The latter truss is lighter than the former, but it is not necessarily the lightest. 
In order to test this, the bar 5 will now be considered as redundant. The 
remainder of the structure is loaded by the forces S, F and Y (Fig. 2b), and the 
axial forces in the bars are 


l 

l 

+7 S 

N,=+S- (33) 
d 

d 

N,=-;S+1 

N,=+Y 


= 


OD 
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The strain-energy equals (18)) 


or, if |Y| is sufficiently small 
OU le| h? oyd 
The redundant bar is thus extended, and since its stress is greater than |c|, 


the weight decreases as Y increases. The axial force in any bar becomes first 
zero in the bars 3 and 4, when 


whence 


or 


In that case the truss takes the form shown in Fig. 3c; the volume of the 
truss from which bars 3 and 4 are omitted is obtained by introducing (35) in (34), 
making oy=|o| and multiplying by 


I S 
V | | l 1°) (36) 


This third structure is thus still better than the previous ones. In order to 
check that there is none better, the bar 3 will now be considered as redundant. 
The remainder of the structure is loaded as shown by Fig. 3c. The forces in 
the bars are 


N,=-F- Z 
+ 
h 
(37) 
N,=+ 
The strain- 


This expression cannot be cde without making an assumption about the 
sign of Z. If Z is gen 


oh 
o= — = = 
OL 25 


The stress in the redundant bar must be zero.* It is thus smaller than |c], 
and there is no benefit in introducing the redundancy. The system represented 


whence 


* The assumption 1 would have: led tc to 


o.=2 
“ 


which is impossible 


) 

= 
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in Fig. 30 is thus the best for the particular state of loading considered. ‘The 
reduction of volume relative to the first structure is 


— 
l J : 
and if, for instance, 

3h* 
this difference equals the minimum volume J/,,, so that a proper choice of the 
design may halve the weight. 


g. ALTERNATIVE METHOD. 

The example worked out demonstrates that the structure resulting from a first 
trial may be lighter than the initial structure and yet not necessarily the lightest 
possible; and that several trials, involving tedious evaluations of the axial forces 
(equations (27), (33) and (37)) and of the strain-energies (equations (29), (34) and 
(38)) may be necessary. This work may be avoided as follows :— 

As long as X is, in absolute value, smaller than its critical value (30), the 
expression (28) for U’ takes the form (29). But if |X| becomes larger, the sign 
of N, changes and 


d d d d | d d 
74+ 
. 
instead of F+ (all signs changed). 
Thus the expression (28), instead of taking the form (29) becomes 
whence 


Since oy is, in absolute value, still greater than |c|, the weight still decreases 
as |X| increases. Expression (40) is valid until the axial force in another bar 
becomes zero. Equation (27) shows that the axial force is next reduced to zero 
in the bars 3 and 4, and that this occurs when : 


l 


If X increases, in absolute value, beyond this second critical value, the signs 
of N, and N, are changed, and 


INsl=—] 


Thus the expression (28) becomes 


d?\: i? (dl? h? d? ] 


whence 


ox= (2d? +h? ~ (1? + 3h?). 


This stress is positive, whilst X is negative. This is impossible, so that |X! 
cannot be greater than the second critical value. For this value, the truss is 
as shown by Fig. 3c, and the volume is found by introducing (41) in (40), 


| 
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making ox,=—|o| and multiplying by 2E/o?. The expression (36) previously 
found is again established in this way. 

The lightest of the non-redundant structures obtained by suppressing one bar 
in a simply redundant frame, is thus obtained as follows :— 

Any bar is chosen as the redundant one; the strain-energy is determined, and 
developed in terms of the external loads and the redundant variable, with the 
assumption that the latter is small enough not to alter the sign of the stress in 
the other bars. The ratio o,/|o| is defined by 


_ 
=o. 


If it is smaller than 1, in absolute value, there is nothing to be gained by the 
adding of the redundant bar; if it is, in absolute value, greater than 1, the 
weight decreases as the section of the redundant bar is increased. In this case, 
it is then assumed that |X| becomes larger than the critical value which first 
reduces to zero the force in one of the other bars, the expression of the strain- 
energy is then redeveloped, taking into account that the axial force in this bar 
has now the opposite sign. The ratio cx/|o| is recalculated. If it is smaller, in 
absolute value, than 1, the weight increases with |X| and the best shape is that 
one which corresponds to the critical value. If it is greater than 1, the process 
is carried on, till 


lrx| < lel, 
or till the sign of ox is changed. 
10. REDUNDANCY OF HIGHER DEGREE. 

The fact that a simply redundant structure can always be replaced by a 
statically determinate one which is lighter, suggests that there is no benefit in 
redundancies of higher degree. This will be demonstrated here. 

If there are r redundant. bars, the structure can be made equi-resistant, but 
for those r bars. The axial force in the bar k is given by equation (13). Let 
v1, 7,... 0, be the stresses in the redundant bars and |c| the absolute value of 
the stress in the other bars. The strain-energy equals (cf. (18)) 

The sum 3%! being extended to all the bars, except the redundant ones, and 
the sum X” to the latter. The stresses in redundant members.are determined 
by the equations (cf. (19)) 

ol, 


EA, E 
Each of these equations determines the ratio between one oj; and |c|, as a 
function of the design only. If the redundant variables are sufficiently small the 
signs to be introduced in the last sum are the signs of N,’. Any values may be 
given to the variable X,, the axial forces in the bars are given by equation (13), 
and, since the stress in each member is known, the cross-sections are easily 
determined. The structures corresponding to various sets of values have the 
same design but different dimensions. 
As previously the derivative of U obtained by assuming that a proper variation 
of the sections keeps’ the stresses constant, equals the half of the derivative for 


constant sections (cf. (22)) 
=} (44) 


And since the latter derivative is zero, the stiffness is the same for all the 
structures of the family. Consequently the strain-energy may be written in the 
form (cf. (23)) 

2EU =|c|A—3|X;| { Lilo] } (45) 

The stress in the redundant bar i is determined by (cf. (24)) 


JEAN DRYMAEL. 


au 


The total volume of the structure equals (cf. (26)) 
2 
o 


All the redundant bars for which 1, > LL; may be suppressed straight away; 
since the volume increases with the values of the corresponding variables. Then, 
keeping constant all the variables but one, the volume decreases as that variable 
is increased, till the axial force in one of the bars is reduced to zero. At that 
moment the redundancy of the system is reduced by one degree, and the weight 
is smaller than before. Doing the same successively with all the variables a 
non-redundant structure will be found which is lighter than any of the redundant 
systems, though the maximum stress is the same. The theorem is thus 
generalised. But itis still not proved that the resulting system is the lightest 
possible ; and at present it appears difficult to present the analysis in a way which 
would proceed systematically to the minimum minimorum. 


IJ]. MuxtTipLe Sets oF Loaps. 
11. STATICALLY DETERMINATE STRUCTURE. 

All the preceding theorems are applicable only to structures which have to 
carry only one set of loads. If a structure is required to carry two alternative 
sets of loads, the conditions are essentially different. 

Suppose the construction has to carry either a set of loads 1, or a set of 
loads 2. Two.cases are possible: Either one of the sets, say the set 1, induces 
in all the bars larger stresses than the other set 2, or each set induces in some bars 
larger stresses, and in other bars smaller stresses than the other set. 

In the first case, the set 1 completely ‘‘ includes ’’ the set 2, and the latter 


set need not be considered at all; in this case all the conclusions previously drawn 
are applicable. In the second case, let it be supposed that the structure has 
been made equi-resistant for the set 1. When the set 2 is applied, the stress in 
some members becomes larger than the maximum allowed, unless those bars 
are reinforced; on the other hand, the stress in other members is less than the 
maximum allowed. Thus, when a non-redundant structure has to carry two sets 
of loads, it can be made equi-resistant in neither case. 


12. REDUNDANT STRUCTURE. 


Let a redundant design be considered. If the structure had to carry only the 
set of loads 1, the best non-redundant construction would be obtained by sup- 
pressing some of the bars; if it had to carry only the set of loads 2, the best 
structure would be obtained by suppressing some other bars, the best designs 
for the two sets of loads being not necessarily the same. It seems likely that 
the lightest structure which can carry either set, is a redundant combination of 
those two statically determinate designs. It will be equi-resistant for neither 
of the loadings, but since even a non-redundant system cannot be equi-resistant, 
it is not impossible that the redundant system is the lightest. But the author 
has not yet succeeded in determining to what extent it is advisable to develop 
the redundancy. 


IV. ConcLusion. 


When a truss has to carry only one set of loads, the best design is always a 
statically determinate one. It has been shown how to reduce any redundant 
structure to the best statically determinate one, and a method has also been 
evolved for choosing from various non-redundant designs that one which gives 
of all possible designs the lightest weight and the greatest stiffness. 

These conclusions do not apply when the structure has to carry several sets 
of loads, no one of which completely ‘‘ includes ’’ all the others. 
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